Introduction {#s1}
============

Ulcerative colitis (UC) is characterized by mucosal ulceration, rectal bleeding, diarrhea, and abdominal pain. Studies have demonstrated the efficacy and safety of adalimumab (ADA) for treatment of patients with moderate-to-severe UC who had failed to achieve clinical remission or to respond to conventional therapy consisting of corticosteroids, azathioprine (AZA), and/or aminosalicylic acid (5-ASA) \[[@R01]\]. However, the efficacy of ADA monotherapy for induction of clinical remission in randomized patients that had failed to respond to conventional therapy was only 16.5% after 8 weeks of therapy \[[@R01]\]. Granulocyte and monocyte adsorptive apheresis (GMA) with Adacolumn^®^ (JIMRO, Takasaki, Japan) is another effective and safe therapeutic option for patients with mild-to-moderate UC that is refractory to pharmacological therapy \[[@R02]\]. Furthermore, intensive GMA, involving two sessions per week, has recently been shown to be superior to routine weekly GMA both in terms of remission rate and time to remission in patients with refractory UC \[[@R03]\]. However, this approach is also considered to be limited because the efficacy of intensive GMA for induction of clinical remission in patients with severe UC is not satisfactory \[[@R04]\].

Here we report a retrospective assessment of the efficacy of 10 weeks of combination therapy with ADA plus intensive GMA for refractory UC patients, the clinical outcomes over 52 weeks under subsequent maintenance monotherapy of ADA, and the effects of combined AZA with ADA treatment at failure to achieve clinical remission at 10 weeks and at flare-up after 52 weeks.

Patients and Methods {#s2}
====================

Patients {#s2a}
--------

Between July 2013 and July 2015, 10 consecutive patients with moderate and severe UC were recruited in Nagoya City University Hospital for this study. Patients receiving a combination therapy of ADA plus intensive GMA for corticosteroid-refractory or -dependent UC or for refractory UC that showed loss of response to tacrolimus (TAC) were enrolled. All study protocols were approved by the Nagoya City University ethics committee and written consent was obtained from all patients prior to enrollment.

Treatment and assessments {#s2b}
-------------------------

The primary outcome was the clinical remission rate at 10 weeks of patients receiving a combination therapy of ADA plus intensive GMA, and the secondary outcomes were the clinical remission rate at 52 weeks under subsequent maintenance monotherapy of ADA, and the clinical course over 52 weeks under combined AZA with ADA treatment at failure to achieve clinical remission at 10 weeks and at flare-up by 52 weeks. Disease activities and severities were assessed using a full Mayo score \[[@R05]\] at baseline, 10 weeks, and 52 weeks, and a partial Mayo score at 24 weeks. Flare is defined as a combination of rectal bleeding with an increase in stool frequency as previously reported \[[@R06]\]. Patients were enrolled in this study according to the following criteria: 1) corticosteroid-refractory or corticosteroid-dependent UC; or 2) loss of response to TAC; and 3) patients with moderate-to-severe UC (Mayo score of 6 - 12 points at baseline) including an endoscopic subscore of 1 - 3 points despite concurrent treatment with corticosteroids, and/or TAC, and 5-aminosalicylates. Patients who failed to complete a 10-week combination therapy of ADA plus intensive GMA were excluded from clinical assessment as discontinued cases. Only corticosteroids dosages were tapered off as appropriate. Any adverse event, including date of onset, severity, and outcome, and the relationship of such events to these therapies were recorded.

Statistical methods {#s2c}
-------------------

The data are presented as means ± SE, and comparisons were made by using a paired *t*-test. A significance level of 0.05 was used for all statistical tests, and two-tailed tests were applied when appropriate. The cumulative clinical remission rate was also calculated using the Kaplan-Meyer method.

Results {#s3}
=======

The demographic data of the study patients are shown in [Table 1](#T1){ref-type="table"}. The mean age was 57.1 years old, and the mean disease duration was 8.3 years. The involved colon portion included extensive colitis (eight patients) and left-sided colitis (two patients). Concurrent medications included 5-aminosalicylates, corticosteroids and TAC. Of the 10 patients, three were corticosteroid-refractory, and seven were corticosteroid-dependent, and two experienced loss of response to TAC. The mean full Mayo score and median C-reactive protein (CRP) levels at baseline were 9.3 points and 1.28 mg/dL, respectively. The mean doses of corticosteroids were 26.5 mg daily ([Table 1](#T1){ref-type="table"}).

###### Baseline Demographic Variables of the 10 Cases With UC Refractory to Medications Including TAC Who Were Selected for This Combination Therapy With ADA Plus Intensive GMA

  Demographic                                  Number of patients
  -------------------------------------------- --------------------
  Male/female                                  6/4
  Age (range)                                  57.1 (34 - 85)
  Mean disease duration, years (range)         8.3 (0.2 - 20)
  Disease location (n, %)                      
    Extensive                                  8 (80)
    Left-sided                                 2 (20)
  Concurrent medication (n, %)                 
    5-ASA                                      10 (100)
    Corticosteroids                            10 (100)
    TAC                                        2 (20)
  Baseline full Mayo scores (mean)             9.3
  Median CRP levels (range)                    1.28 (0.03 - 27.9)
  Doses of corticosteroids, mg/day (mean)      26.5
  Corticosteroid-dependent/refractory (n, %)   
    Dependent                                  7 (70)
    Refractory                                 3 (30)

The data are presented as means or median values.

All 10 patients were initially given a combination therapy of ADA (160/80/40 mg every other week) plus intensive GMA (two sessions per week). One case received total colectomy because of no response to this combination therapy. For the other nine cases, the mean full Mayo score and the endoscopic subscore changed from the baseline values of 9.0 ± 0.68 points and 2.4 ± 0.24 points, respectively, to 3.1 ± 0.8 points and 1.2 ± 0.22 points, respectively, at 10 weeks ([Fig. 1A, B](#F1){ref-type="fig"}). These scores were improved with a significant difference (P \< 0.01). The mean CRP level of nine patients that underwent combination therapy with ADA plus intensive GMA was 1.08 ± 0.30 mg/dL at baseline. By 10 weeks, this level had significantly decreased to 0.21 ± 0.07 mg/dL (P \< 0.05) ([Table 2](#T2){ref-type="table"}).

![Changes in the mean full Mayo scores (A) and endoscopic subscore (B) between baseline and 10 weeks in nine cases. No. 4 patient, who received total colectomy, was excluded from this analysis. The data are presented as means ± SE values, and comparisons were made by using a paired *t*-test. A significance level of 0.01 was used for all statistic tests, and two-tailed tests were applied when appropriate.](jocmr-07-884-g001){#F1}

###### Clinical Course Over 52 Weeks

  No.   Age (years)   Sex   Disease location   Pretreated   Baseline   Treated   At 10 weeks   At 24 weeks   At 52 weeks   Clinical course                                                                                                
  ----- ------------- ----- ------------------ ------------ ---------- --------- ------------- ------------- ------------- ----------------- -------------- --- ----- ------ -------------- --- ------ --- --- ---- ------ ---- ---- ---- ----
  1     50            M     Left-sided         \-           5          8         3             0.04          \+            \+                5              2   \-    0.04   0              0   0.02   1   1   \+   0.02   \+   \-   \-   \-
  2     34            F     Left-sided         \-           5          6         2             0.3           \+            \+                2              1   \+    0.13   0              1   0.06   2   1   \+   0.06   \+   32   50   \-
  3     65            M     Extensive          \+           40         11        3             2.52          \+            \+                2              1   \+    0.34   0              1   0.14   2   1   \+   0.1    \+   \-   \-   \-
  4     71            F     Extensive          \-           40         12        3             27.9          \+            \+                12 (4 weeks)       ope          40 (4 weeks)                                                 \-
  5     43            M     Extensive          \-           60         12        3             0.55          \+            \+                6              1   \-    0.03   0              1   0.03   1   0   \+   0.03   \+   12   25   \+
  6     85            M     Extensive          \-           60         9         2             1.7           \+            \+                1              1   \+    1.1    0              0   0.09   1   1   \+   0.25   \+   \-   \-   \+
  7     52            M     Extensive          \-           15         10        3             2.03          \+            \+                1              1   \+    0.08   0              0   0.09   3   1   \-   0.3    \+   56   50   \-
  8     35            F     Extensive          \-           10         6         1             0.03          \+            \+                0              0   \+    0.03   0              0   0.03   1   1   \+   0.03   \+   \-   \-   \-
  9     77            F     Extensive          \+           15         10        3             1.55          \+            \+                3              2   \-    0.09   0              1   0.03   2   1   \+   0.03   \+   10   25   \+
  10    59            M     Extensive          \-           15         9         2             1.0           \+            \+                7              2   \-    0.12   10             2   0.03   3   1   \-   0.03   \+   10   25   \-

One patient received total colectomy at 4 weeks because of no response to combination therapy of ADA plus intensive GMA. TAC: tacrolimus; LOR: loss of response; PSL: prednisolone; CRP: C-reactive protein; ADA: adalimumab; GMA: granulocyte and monocyte adsorptive apheresis; p Mayo: partial Mayo; CR: clinical remission; failed: failure to achieve clinical remission; AZA: azathioprine; AE: adverse events.

Of the nine patients who received combination therapy with ADA plus intensive GMA, 55.6% showed cumulative clinical remission at 10 weeks, and 33.3% showed cumulative clinical remission at 52 weeks following subsequent maintenance monotherapy of ADA. The percentages of patients with mucosal healing (defined as endoscopy subscore ≤ 1) and complete mucosal healing (endoscopy subscore = 0) \[[@R07]\] at 10 weeks were 66.7% and 11.1%, respectively. Moreover, when AZA was combined with ADA for treatment of patients who failed to achieve clinical remission at 10 weeks or who experienced flare-up by 52 weeks, the percentages of clinical remission and clinical response at 52 weeks were 77.8 % and 100%, respectively. In addition, of the nine patients, corticosteroids could be withdrawn at 10 weeks in eight patients (88%) ([Table 2](#T2){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}).

![Cumulative remission rate of patients receiving combination therapy of ADA plus intensive GMA for 10 weeks and subsequent maintenance monotherapy of ADA. A Kaplan-Meier plot with a fitted curve of cumulative remission rate over time is shown. The solid circles represent event occurrences and censoring is indicated by the open circles.](jocmr-07-884-g002){#F2}

Safety {#s3a}
------

Adverse events were observed in three patients: one case of pneumonia, one case of cerebral infarction without any persistent paralyses and one case of headache. There were no cases of lymphoma, non-melanoma skin cancer, leukemia, or tuberculosis in the present study. Combination therapies with ADA and intensive GMA or AZA were safe and well tolerated.

Discussion {#s4}
==========

We have reported herein the efficacy of the combination of ADA induction administration with intensive GMA in 10 consecutive cases with refractory UC, and the 52-week efficacy of the combination of ADA maintenance administration with AZA for treatment of patients who failed to achieve clinical remission or who experienced flare-up by 52 weeks.

In clinical settings, ADA is an efficacious therapy for induction and maintenance of clinical remission in patients with moderately-to-severely active UC \[[@R07], [@R08]\]. A previous study of long-term remission and maintenance of UC with ADA (ULTRA2) showed that the overall percentage of patients showing clinical remission at week 8 was 16.5% in patients randomized to ADA and 9.3% in patients allocated to placebo (P = 0.019); the corresponding values for week 52 were 17.3% and 8.5%, respectively (P = 0.004). The percentage of anti-TNF-α naive patients that showed clinical remission at week 8 was 21.3% in patients randomized to ADA and 11% in patients allocated to placebo (P = 0.017); the corresponding values for week 52 were 22% and 12.4%, respectively (P = 0.029) \[[@R01]\]. In addition, the active ulcerative colitis trials 1 (ACT1), which evaluated the efficacy of infliximab (IFX) for induction and maintenance therapy in patients with UC, reported that the overall percentage of patients showing clinical remission at week 8 was 38.8% in patients randomized to 5 mg of IFX and 14.9% in patients allocated to placebo (P \< 0.001); the corresponding values for week 54 were 34.7% and 16.5%, respectively (P = 0.001) \[[@R09]\]. Therapeutic treatment of ADA monotherapy for refractory UC is thus limited, which suggests that additional treatment is necessary for active UC patients who are biologically naive and show a loss of response to TAC. In the present study, 55.6% of the nine patients who received combination therapy with ADA plus intensive GMA showed cumulative clinical remission at 10 weeks, and 33.3% showed cumulative clinical remission at 52 weeks under subsequent maintenance monotherapy of ADA. Based on these outcomes, the addition of intensive GMA to ADA monotherapy appeared to be an effective combination therapy that induced a clinical remission.

GMA is available in Europe and in Japan for the treatment of patients with active IBD that may have become refractory to standard drug-based medication, including TNF-α blockers. GMA depletes elevated and activated myeloid lineage leucocytes and has been associated with a marked down-regulation of inflammatory cytokines including interleukin (IL)-1β, IL-6, IL-8, and TNF-α, which are released by myeloid leucocytes and lymphocytes, most likely via an upstream mechanism that involves adsorption of cytokine-producing cells \[[@R10], [@R11]\]. These findings suggest that combination therapy with ADA plus intensive GMA drastically down-regulates not only circulating inflammatory cytokines such as TNF-α due to GMA activity, but also dramatically down-regulates local TNF-α at microenvironmental sites in the gut mucosa due to ADA activity, thereby inducing a rapid clinical remission. In addition, serious adverse side effects have been rare in patients receiving GMA \[[@R04], [@R12]\].

In the present study, AZA was combined with ADA for treatment of patients who failed to achieve clinical remission at 10 weeks or who experienced flare-up by 52 weeks. The percentages of these treated patients showing clinical remission and clinical response at 52 weeks were 77.8% and 100%, respectively. A recent clinical trial demonstrated that anti-TNF-α naive patients with moderate-to-severe UC that were treated with IFX plus AZA were more likely to achieve corticosteroid-free remission at 16 weeks than those receiving either monotherapy. This conclusion was based on data that showed that 31 (39.7%) of 78 patients who received a combination of IFX and AZA achieved corticosteroid-free remission, compared with 17 (22.1%) of 77 patients who received IFX alone (P = 0.017) and 18 (23.7%) of 76 patients who received AZA alone (P = 0.032) \[[@R13]\]. However, serious adverse events were observed in 4% of the patients in the IFX/AZA combo group, and in 8% of the patients in the AZA group. In addition, regarding AZA safety concerns, there has been one trial that reported that one patient was dying of an infection associated with an immune-compromised state that occurred when taking AZA \[[@R14]\]. AZA/6-mercaptopurine (6-MP) is also associated with a 4 - 6 fold increased risk of lymphoma \[[@R15], [@R16]\] and a 2 - 6 fold increase in non-melanoma skin cancer \[[@R17], [@R18]\]. Thus, immunosuppressive therapy with AZA/6-MP is never without risk. Regarding safety, adverse events occurred in three cases over 52 weeks: one case of pneumonia, one case of cerebral infarction without any persistent paralyses and one case of headache. No serious adverse events were observed.

Based on these facts, combination therapy with IFX plus AZA is not always recommended from the start of treatment in patients with corticosteroid-refractory or -dependent UC, or in refractory UC patients who show loss of response to TAC. Starting with a combination therapy of ADA plus intensive GMA, it does not appear to be too late to delay treating with AZA combined with ADA until flare-up. Further prospective study is also needed to certify the efficacy of combination therapy of ADA with intensive GMA.

In conclusion, combination therapy with ADA plus intensive GMA is useful for induction of clinical remission in refractory UC patients, and is well tolerated.
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